Coexistence of mitral valve prolapse in a consecutive group of 528 patients with hypertrophic cardiomyopathy assessed with echocardiography  by Petrone, Ruth K. et al.
Coexistence of Mitral Valve 
of 528 Patients Wit 
With Echocardiogra 
a Consecutive Grou 
RUTH K. PETRONE, HEINRICH ti. KLIJES. MD, JUL:O A. PANZA, MD, 
ELFRIEDE E. PETERSON, BARRY I. MARON, MD, FACC 
Brr,re,rla. ,Wu,ylund 
Iiyportrophic cardiomyopathy and Ctral valve prolapse are both 
conditions that may be genetically tranrmitttd and incur a rirk far 
sudden cardiac death. Although the sntall Ml v~ntricubr cavity 
and distorted geometry charac!eristic of h3pertrophic cardiomy- 
owthy might sueeest a mediawrition to mitral valve wolacre. the 
further define the relation of hflonrophfc esrdiomynpathy and 
mitral valve ttrolame. 528 tonsarotiw patients with hwrrtmohic 
Hypertrophic ca;diomyopa.thy is a telativeiy uncommon 
primary cardiac disease characterized hy asymmetric leit 
ventricular hypertmphy and a broad clinical and pathologic 
spectrum, inchtding patients with and without obstruction to 
the left ventricular outflow (l-6). Although the mitral valve 
is usually responsible for dynamic obstruction to left ven- 
tricular outflow by virtue of systolic anterior motion and 
apposition with the ventricular septum (7-11). the mitral 
leaflets have frequently been dwcribed as largely free of 
intrinsic disersc (1,4,12,13). Conversely, mitral valve pro- 
lapse is a not uncommon abnormality of the mitral valve 
(14-i8). occurring in about 2% tu :il% of the general 
population (18-26). 
Although it lttas been suggested that a secaildxy form of 
mitral valve prolapse may often occur in a variety of disease 
states, including those characterized by B small left venttic- 
ular cavity such as hypertmphic cardiomyopathy (27-33), 
the true frequency with which the hvo direasc entities 
coexist is not known (34). We considered the possibility hat 
the association of mitral piolapse in parientr with hyper- 
ot the 528 pstients. The mitral valve excised at opention from 
three of the patients had morphologic characteristics of a floppy 
mitral valve, which was judged to be msponsibk for the echo&x- 
diograpbir findings. Occwrence o~elbdcally evident atrial Gbril- 
tropbic cxdiamyopathy might in sonxe w&y alter the clinical 
protile and natural history of such patients (l&35). Because 
of these conriderations, in rhe present study we analyzed a 
large senes of patients with hypenrophic cardiomyopathy to 
assess the prevalence of mttral vahre pro!apse and the 
potential cGnical significance of this association. 
Selection of patients. Between December 11188 and Sep- 
tember 1989, comple:e echocardiographir studies were ob- 
tained prospectively horn 533 consecutive patients airh 
hypcrtrophic cardiomyopathy who had not undergone oper- 
ation. Five patients were excluded because the echocardic+ 
graphic studies were judged to be technically subaptimdl for 
the puwse of assessing mitra! valve motion. The readin;ng 
528 patients comprise the present study group. Study pa- 
tients ranga:d in age from 1 to 86 years (mean 45), 335 (63%) 
were male. 
ryoparby based on the echocardiographic demonstration of 
an asynmctrically hypcrtrophted and nondilated left ventri- 
cle in the absence of another cardiac or systemic disease 
caoable of producing the magnitude of hypertruphy pwcnt 
Mirral valve prol0p.w Diagnosis of mitral vdlve pro- 
lapse was based on the identilicauon of definite prolapse of 
one or both mmal IeaHcts h3 mm beyond the mitral annular 
plane into rhe left atrium during systolc. as viewd in the 
oara~trrnal lone-x& view or both the lone-axis and aoical 
kour chamber &ws (35,37,38). 
Echocardiography. A Hewlett-Packard (Sonos 500 or 
ItMO) real time, phased-array, 90’ ultrasonic sector scanner 
with a 2.5. or U-MHz transducer was uset! to oerform lhe 
echocardiographic studies. Selected echocz.rdiograms were 
seouentiallv recorded on B Hitachi HR-ZOQB format 0.75-m 
(I .&crn~ iideotapc recorder to permit se&l review of the 
studies. Two-dimensional echocardiographic images were 
obtained in several cross-sechonai planes by using standard 
transducer positions (39). 
The magnmrde OJ miml valve pmlaps~ inro the left 
ovium was assessed by mearormg Ihe maximal dislance 
between the most cephalad mitral valve echoer during 
systole and the plaoe of the anulus in the parastemal 
long-axis and apical four-chamber views. Distribution of left 
ventricular hypertrophy was assessed by in&grating obser- 
vations made in multiple croswxtional planes, ar prcri- 
ously described (40). 
M-mode cchocardiogrann were derived from rhe two- 
dimensional image under direr.1 anatomic visualization. The 
degree of posterior mitral valve bowing was measured as the 
distance between the most wsterior mitral valve echo and 
the hypothetical C-D line (41-43). Cardiac dimensions were 
measured according to the criteria of the American Socictv 
of Echocardiography (44). 
Strdi:lical analyses. Data were expressed as mean value 
+ SD. Differences between continuous variables were de- 
termined by using the unpaired or paired Student f test, 
where appropriate. Differences between proportions were 
determined by using the chi-square lest. 
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Prevalence and echocardioersohie f atures of mitrel valve 
prolapse. Of the 528 pat& &h hypertrophic cardiomy- 
opathy, 512 (97%) showed no cchocardiographic evidence of 
mitral valve prolapse: the other 16 patients (3%) met our 
diagnostic crilerta for &al valve prolapse (Table I, Fig. I). 
In these 16 patients, the anterior leaflet alone war observed 
to prolapse m 4 patients (Fig. ID). the posterior leafiet alone 
in 4 (Fir. 1. A and BI and both leaflets in the other S 1Fie. 
IC). Tha magnitude ‘of prolapse (the distance that mitral 
valve echoer extended beyonb the mitral annular plane on 
the two-dimensional ecnocardiogram) ranged from 3 to 
16 mm (eean 7.5). In I I of the I6 patients, posterior p olapse 
motion was also present on the M-mode echocardiogram 
(pansystolic in 2 and late-systolic in 9) (Fig. 2). 
dundant in 3 patients (Fig IA) and normal or mildly Ihick- 
cncd in the other 13. Prolapse of the tricuspid leaflets was 
not observed in any of the 16 patienti with mitral valve 
prolapse. 
Systotie anterior motion of the mitral valve. In 9 of the 16 
patients with mitral valve prolapse and hypenrophic cardio- 
myopathy, systolic anterior motion of the mitral valve was 
also identifiable (33). In eight of these nine patients, systolic 
antermr motion was produced by distal portions of the 
anterior and posterior leaflets, although the anterior leaflet 
made contact or most closely approached the ventricular 
septum because of its forward anatomic position: virtually 
simultaneously, the proximal portions of anterior, posterior 
or both leaflets prolapsed into the left atrium. In the remain- 
ing patient, the posterior leaflet was preferentially responsi- 
ble for systolic anterior motion (and mitral-septal contact1, 
while the anterior leaflet prolapsed into the lefl atrium. In 3 
of the 16 patients. there war evidence of ruptured chordae 
tendineae (based on echocardiography in 2 and examination 
of the mitral valve specimen in I). 
Left ventricular morphology. In the 16 patients with 
hypertrophic cardiomyopathy and mitral valve prolapse, 
maximal ventricular seolal thickness raneed from IS to 
52 mm (mean 21) (Table i); posterior free will thickness was 
IO to 28 mm (mean I II. Left ventricular wall thickeninp, was 
confined to the anterior ventricular septum in 6 patients, but 
involved both the anterior and posterior sedum (sparing the 
left ventricular free wall) or nubstantial p&ions of both the 
ventricular septum and anterolateral free wall in the other 
10. 
At the most recent evaluation, left ventricular end- 
diastolic dimension was 35 to 76 mm (mean 47) and end- 
systolic dimension was I6 to 51 mm (mean 30). In 4 of these 
16 patients (Cases 4. 6, 7 and 91, serial two-dimensional 
echocardiography performed over a period of I2 to I7 years 
identified left ventricular wall thinning (mean 31 to 22 mm). 
which was associated with cavity e&rgement (mean 41 to 
51 mm) and decreased magnitude and duration of mitral 
systolic anterior motion (45). In each of these patients, mitral 
valve prolapse was identified before left ventricular wall 
thinning and cavity enlargement were evident. 
Clinical lindings. Of the 16 patients with coexistent 
hypertrophic cardiomyopathy and mitral valve prolapse, I3 
remain asymptomatic or mildly symptomatic and 3 have 
experienced marked symptoms. Retrospective review of 
clinical records revealed that a mid-systolic click was audi- 
blc on auscultatory examination (under basal conditions) in 
only two patients. and in one of these the systolic murmur 
was judged to be late systolic. 
$brillaf:oc (4 chronic and 5 paroxysmal). In contrast, only 
I08 (21%) of the 512 study patients without mitral valve 
prolapse had a history of clinically evident chronic or 
paroxysmal atrial fibrillation (p < 0.002). In the I6 patients 
with mitral valve prolapse. the occurrence of atrial fibrilla- 
57 
9 mm) and left ventricular end.diastolic dimension (53 + 
10 mm) than were found in the 1 pat .ents wit’taut a history of 
atrialfibrillation (44 t 6 and41 f 6am: p 10.01 and <O.OS, 
respectively). Patients with and wiihout atrial tibrilla!ion did 
Figure 1. Patient I*. M-mode echorardiogrnm from a 65.year old 
symptomatic woman wirh nunobstracrivc byperiropbic cardiomy- 
opathy, sbawing late systolic posterior bowing af the mitral valve 
(MV) ,urrows). VS = ventriculs rcptum. 
Figu~ 1. Stop-frame systolic echocardiograms 
from four patients with hypertrqhic cardiomyop- 
athy and coexistent mitral valve prolapse. show- 
ing pmtmsion of the mitral valve (arrawr) into the 
left atrium WI) in the parasternat long-axis view 
64 and B = Patients II and I, respcctivelyl and 
apical four-chamber view (C and D = Patients IO 
and 2. respectivelyl. The magnitude ofventricular 
repml (VS hypenropby is maswe in II but nmre 
modest in A, C and D. AML = anterior mitral 
leaflet: Ao = aorta; LV = IeR ventricle: RA = 
right atrium. 
not ditTer significantly with regard to the occurrence of 
moderate to severe mitral regurgitation (five [44%1 of nine 
vs. one (14%1 of seven) (46). 
Subsonic obsrrucrion. Only 2 of the 16 patients had 
measurement of the l ft ventricular outflow tract gradient at 
cardiac catheterization within 1 year of the echocardio- 
graphic study. In the other 14 patients, the basal gradient 
was estimated with continuous wave Doppler ultrasound 
(Table I) (47). Subaortic obstruction (gradient >M mm Hg) 
was present in 6 of the 16 patients; it was due to marked 
systolic anterior motion of the mitral valve with mitral-septal 
contact (48) in 5 and to mid-cavity muscular apposition 
(without mitral systolic anterior motion) in I patient. The 
remaining IO patients had evidence of either a~small or no 
outflow gradient I<30 mm Hel. inciudine each of the 9 
patients 6th atrial fibrillation. 
-. 
Mitral valve morphology. In three of the study patients 
(Cases 10, II and 16) with mitral valve prolapse and hyper- 
trophic cardiomyopathy. the mitral valve was excised at 
operation (to relieve severe mitral regurgitation) and was 
therefore available for gross visual inspection. Each valve 
showed characteristic features of mitral valve prolapse 
Uloppy valve”) (49-52) with ballooning and redundancy. as 
well as increased area and length largely confined td the 
!~osterior leaflet IFie. 3). The anterior mitral leaflet of each 
;a.lve showed focai thickening of the distal margins and 
contiguous chordae tendineae. Histologic analysis of both 
the anterior and posterior leaflets in thex valves revealed 
excessive amounts of mucopolysaccharide. 
quently in a large group of patients with bypertrophic 
cardiomvopathv. We identified uncauivocal echacardio- 
graphic &den& of mitral valve prolap& in only 3% of >5Otl 
consecutively studied patients, comprising the bruad clinical 
spectrum of hypertmphic cerdiomyopdthy [2,;). This prev- 
alence was somewhat lower than expected given our intu- 
ition that a mitral prolapse motion pattern would be rela- 
lively common in a disease state such as hypertrophic 
cardiomyopathy (in which a small left ventricular cavity is 
characteristic) (27~31), but nevertheless was similar to re- 
cent estimates of the frequency of mitral valve txolapse in 
the general population (2i.us3.54). 
The &,tivety low prevalence of mitral valve prolapse 
among patientswith h&trophic cardiamyapathy.may.bc 
explained in part by the criteria we utilized for identifying 
this entity. For example, we confined the diagnosis of mitral 
valve prolapse to definite systolic prolapse into thr left 
atrium detected by two-dimensional echocardiography in the 
parasternal long-axis view (or both the long-axes and the 
four-chamber view). with or without uosterior disolacement 
of the valve identifiable by M-mdde ecbocar~iagrapby 
(35.37.38). Specifically, we d:d not include as mitral valve 
&apse those valves~howin~mild cephalad systolicmotion 
only in the apical four-chamber plane or minimal posterior 
bowing on the M-mode echocardiogram. 
In the only previous cchocardiographic report analyzing 
the coexistence of hyperlrophic cardiomyopathy and mitral 
al. (Si r&ted an B%‘pr&&nce bf asymmetric ventricular 
septal lnypcrtmphy in a group of 190 patients with mitral 
valve prohpse. That study was, however, limited to M-mode 
echocardiography and consequenrly there is same uncer- 
tainty as to whether 811 the patients studied would have met 
the currem diagnostic riteria for either mitral valve prolapse 
or hypertropbic cardiomyopathy. 
Mitral valve prolapse: primary or secondary? The 
present study was largely confined to the iwe of the 
liwaencv wth which echocardionrapbicallv defined mitral 
&I& pr&~se occurred in a g&p of pat&s with hyper- 
rrophic cardiomyopathy. However, ‘IUI findings additionally 
suggest that the echocrr?iographic demonstration of mitrai 
valve prolapse in patients with hypertrophic cardiomyopa- 
thy is not necessarily a secondaw occurrence related to the 
s&II and geomet&lly distaned left ventriculil~ cavity 
charactenstic of this disease (27-31,33): in some patients it 
may reflect the cocxtstence of two separate but primary 
disease entities. For example, mitral valve specimens were 
available for examination in three study patients and each 
valve showed the characteristic morpboiogic features of 
primary mitral valve prolapse (that is, “floppy” valve) with 
ballooning and redundancy of the posterior leaflet, as well as 
incrcasedmitralleafletareaand length (49-52); however. the 
three valves differed substantially in appearance from ihe 
enlarged and elongated mitral valve present in many patienrs 
with hypcrtropbic cardicmyopathy who do not have mar- 
photo+ features such as ballooning (56). It should also be 
emphasized that because only three mitral valve specimens 
were available to us for examination, we cannot be certain 
how many of the remaining 13 valYes with echocardia- 
graphic mitral valve prolapse had morphology widencc of a 
Aoppy m,,rat valve. 
Cliniral rdwnoee. The coexislcnm of milral valve pro- 
lapse and hypertrophic cardiomyopathy described in this 
report appears to have certam clinical rclcvance. Indeed, 
>SO% of the patients with both conditions had a history of 
clinically overt chronic or paroxysmal atrial fibrillation. This 
arrhythmia could nut he explained solely on the basis of 
mitral regurgitation because only five of the nine patients had 
moderate to severe valwlar msufficicncy. Furthrrmorc, the 
prevalence of afrial fibrillation in patients wtth both hyper- 
trophlc cardiomyopathy and mitral valve prolapse greatly 
exceeded that in our patients with hypertrophic cardiomy- 
opathy who did not have mitral valve orolaose. as well as 
tikt p&iously reported (5749) for the &x&l population of 
patients wth hypertrophic cardiomyopathy. These findings 
suggest rhat patients with hypertrophic cardiomyopathy may 
be more likelv to develop arrial fibrillation if mitral valve 
prolapse is z&o present. kwrtheleas. the vast majority of 
patients with hypertropbic cardiomyopathy never develop 
atria1 fibrillation as part of the natural history cf their disease 
and most patients with bypertrophic cardiomyopathy and 
atria, fibrillation do not have associated mitral valve prolapse 
091. 
Alrhough relatively mild mitriil regurgitation is common 
in hypertrophic cardiomyopathy (particularly in patients 
with outflow tracr obstruction) (M)), severe vahular regurgi- 
tation requiring valve replacement is decidedly infrequent in 
patients with this disease and its oresence is usuallv consid- 
&cd indicative of an intrinsic ‘mitral valve abkmality 
(61,621. The present tindmrs emphasize that a coexistent 
floppy mitral ‘valve is such-a strktutal valve abnormality 
that may explain the finding of severe mitral regurgitation in 
some pattents with ypertrophic cardiomyopathy. 

